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WEULBORE CASING 
Cross Reference To Belated Applications 
This application claims the benefit of the filing date o f U A Provisional 
Patent Application Serial Number 60/1114*93, attorney docket number 25791.3, 
filed on 12/7/19%, the disclosure of which is incorporated herein by reference. 
Badqpwmnd of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using *»p»Tiri«Ki«» tubing. 

Conventionally, when a wellbore is created, a number of casings axe 
5 installed in the b<srehole to prev^ 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals 
which iB to be installed in a lower borehole interval is lowered through a previously 
installed casing of an upper borehole interval. As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the caaingB 

wall As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hoi e diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 



-\ 

La the borehole, mjectingfluidic material into the borehole, and radially expanding 
the liner in the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling oat a new section of the 
5 borehole adjacent to the already existing casng. A tubnlar liner aiid a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an arir mUr region between the tubular liner and the new section of the borehole. 
The annular region between the tubular liner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandrel A nan hardenable fhndic material is then mjected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
Msmg is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The r emainin g portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

Acco rdin g to i^"^^ aspect of the present invention, an apparatus tor 
»Tp«mrifng a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. Tb^ support member indudes a flrrt 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the niaxxlreL The shoe is c 

to the tubular liner and includes a third fluid passage . The first, second and third 
fluid passages are operabiy coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 Tppnrfflhte TTumdrRl, a tabular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control vahre coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the rapport nxeznberazBdxzidades&thxzti fluid passage. The 
tubular member is coopted to the mandrel and includes one or more sealing 
ele ments. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tub ular mem b er. 

Aa»rding to aiiother aspect invention, a method of joining 

a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tub ular 
member, is provided that includes pa 
10 of the second tubular member. A portion of an interior region of the second 
tubular member is pressurized and the second tubular member is extruded oflTof 
the mandrel into engagement with the first totailer member. 

According to another aspect of the present invention, a tabular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end pcnliett of the annularis 

at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore ™>g?n g ip 
provided that incl udes a tubular liner and an annular body of a cured fluidk 
sealing material. The tutelar liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect erf the present invention, a tie-back liner for 
lining an existing wellbore casing is provided that includes a taibu^ 
annular body of cured flirirfir nmling material The tubular liner is formed by the 
process of extruding the tubular Kner off of a mandreL The annular body of a 
25 cured fluidic sealing material is coupled to the tubular liner . 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. Hie mandrel includes 
30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drfflable 
The tubular meinber is coupledtot^ The shoe is coupled to lie tubular 
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member. The shoe includes a third fluid passage operabfr coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
theshoe isdrillable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidk sealing material Into the new section of the 
well borehole. 

HG.Sa is another fragmentary ct^ 
of a first quantity of a hardenabte fluidic sealing material into the new section of 
15 the weB borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the mjection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cxoss-aectional view ilhiBtxalmg the ob^llmg out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

ETC 8 is a fr agmfrnfuTy cross-sectional ilmstratkm of the placement of an 
prpffpripd tubular member within another tubular member. 

FIG. 9 is a crass-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a driflable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross sectional ffiustratkm of a wellbare wi-Jiufr nj. a of 
ftdiar^nfc overlapping' cmrrngn 

FIG. 10b is a croes-ijectional ffloatratinn of an apparatus and method for 
creating a tie-back liner mmg an owjMnMMa tabular n Vr 
5 FIG. 10c ia a croaa-eectioniainusfnition of the pumping of a fhndic sealing 
material into the annular region between the tabular mEmber and the existing 
casing. 

FIG, 10d is a eross-sac t irma l gfastr ation of tbcpressurizmgoftbe interior 
of the tabular mexaber below the mandrel 
10 FIG. lOe ia a croM-aectkmal ffinstratkm of the extraston of the tubular 
member off of the mandrel 

FIG. lOfisacroas-aediox^ 
out the shoe and packer. 

FIG. 10g is a croas-sectkma! fflnstratioTi of the completed tie^back liner 
15 created using an espandibk tubular member 

FIG. 11a is a fragmentary croas^ectiomJ viewfflti^^ 
new section of a well borehole. 

FIG. llbisafragmentarycr^^ 

an embodiment of an apparatus tohangingatubularlmerwiito 
20 ofthe well borehole. 

FIG. 1 lc is a fragmentary croesnnctional view «Hi«*rtfng the injection of 
a first quantily of a hardtmabte 
well borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the wtdl borehole. 

FIG. lie U a fragmentary croaa^^ 
a second quantity of a haidenablefhi^^ 
the well borehole. 

FIG. llf is a fragmentary cross-sectional vie^ 
30 of the tubular liner. 
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Detailed Description of the mnstratrve Embodiments 
An apparatus and method for fanning a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method Anther permits a new tubular 
10 nwmbtr to H fmrpffTtH by an tubular mamW hy expanding* th« 

tubular member into engagement with the existing tubular member. The 
apparatus and method further minimizes the reduction in the hole size of the 
wellbore ragrng necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the weBbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an ex istin g tubular member by »*p"** n g the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for h«"gfag an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method pernnt a 

attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



Referring initial*/ to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described. Asfflustxntedtor^.MweUbarelOOfa 

formation 105. The wellbore 100 includes an easting eased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

Ab illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 asubteiraneanfonnatkmistbanpositionrf 

100. The apparatus 200 preferably includes an expandable mandrel or pig 205, a 
tubular member 210, a shoe 215, a lower cup aeal 220, an upper cop seal 225, a 
Gum passage 230, afluid passage 2S5,af 
member 260. 

15 The expandable mandr el 205 is coupled to and supported by the support 

member250. The expandable mandrel 205 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventi onal rnmmgmjillv available ■n T .»^«w» jr ebt modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 emhoftimpnt, the erpnndnhlp numdrd 205 comprises a hydraulic expansion tool as 
disclosed in VS. Patent No. 5,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member210 is supported by the expandable m The 
26 tubular raeniber 210 is expanded m 

expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventkmalconim 

OMeJd Country Tubular Goods (OCTG), 18 chromium steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
80 fabricated nra OCTG in order to inaxinure strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
approxmuitely0.75to47mcheaan^^ In a preferred 



embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3*5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 10 

is slotted, perforated, or otherwise mod^ed to catchor alow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 example, Super Seal II float shoe, Super Seal HDown^et float shoe or a guide shoe 
with a sealing sleeve for a latch down prog modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an ahimiimm down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the tpurhin gB of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 216 optimally injects hardenable fluidic sealingmaterial into the 
regkm outside the shoe 216 and tubular member 210. In a prefer r e d embodiment, 
the shoe 216 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball BeaHng member. In this manner, the fluid passage 240 
can be optimally sealed offVy mtroducmg a plug, dart and/or o^ 
into the fluid passage 280. 
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Thel£rwcapeeal220iscoapl^ 
260. The tower cap real 220 prevents foreign materials *mn entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cap seal 220 may comprise any number of conventional commercially 
6 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP)aipanK>dififidinacoortW ^ 
a preferred embodiment, the lower cup seal 220 comprises a SQ> cup seal, available 
firom Halliburton Energy Services m 
material and contain a body of lubricant, 

10 ^ upper cup seal 225brau?)led 

250. The upper cup seal 225 pi»ventsfbrrign materials from 
region of the tubular member 210. The upper cop seal 225 may comprise soy 
number of conventional commercially available cup seals audi as, fbr example, TP 
cups or SIP cups modified in accordance with the teachings of the present 

16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from HalH^^ 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and portioned within the support 
member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the ex pand able 
mandrel205. Tliefluid passage 230 is preferably posttionedalongacenteruneof 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the easing running mode of 

operation, to transport materi als such as drilling mnd or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 galtona/minute and 0 to 9,000 
psi hi order to minimize drag on 
surge pressures exerted on tto 

30 and lead to hole collapse. 

Thefluid passage 235 permits 
passage 230. In this manner, during placement of the apparatus 200 wi^ 
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now section 130 of the weilbore 100, fluid* materials 266 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby mmirniririg surge pressures on the weilbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllabty 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to oontroUably minimirff surge pressures. The 
fluid passage 235 is preferably po sitioned substantially orthogonal to the centeriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDonafrninute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section ISO of the weilbore 100 and to minimis* surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215, The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurised. The fluid passage 240 is preferably positioned substantially 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mudor epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210and the new Bectiim 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inJet geometry that can receive ■ dart and/or a ball sealing member. 
In Qua m a nne r, the fluid passage 240 cm be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 245 lire further posited 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
2W of tbAtubiu^member210to be fluidicty sealed. The seals 245 may comprise 
any number of conventional cccunerriaUy available seals such as, for example, 
10 lead, rubber, Teflon, or epoxjr seals modified in accordance with the **»»Hn crr nf 
the present disclosure. In a preferred wmhorihn rat, the seals 245 are molded from 
Stratalockepoxy available from HaflibinionEna»gy8ewfceimDalla^TXinordeT 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimalhr provide 

a sufficient fi4ctional force to support the expanded tabular member 210 from the 
existing casing 115. In a preferred embodiment, the frictions! force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support tha expanded tubular member 210. 
20 The support member 250 is ccunledto 205, tubular 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section ISO of the weDbore 100. In a preferred 
embodiment, the support member 250 fhrtber includes one or more ronv^ 
25 centralizera (not illustrated) to help stahflixe the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expendable mandrel 205 within the interior of the 
tabular member 210. In thip mrnincr, the extrusion of the tubular member 210 ofT 
of the expandable nianc^ 205k The Inhriamt 275 may comprise any 

SO number of coirventioiialconunerc^ 
Lubnpla^,rh1rtrme based hibricants,ofl 

(3100). In a preferred embodiment, the tabricant 275 coiiipriaea Climax 1500 
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Antisiexe (3100) available from Climax Uzbric&nta and Equipment Co. in Houston, 
IX in order to optimally provide optimum lubrication to fecuiate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200, In this manner, 
the introduction of foreign material into the apparatus 200 ia minimized. Thia 
mmhnixea the possibility of foreign material dogging the various flow passages and 

valves of the apparatus 200. 

In B pf p fr rrH PTT » W"~™* . or pmritiniiinff the apparatus 200 

10 within the new section 130 of the weEbore 100, a couple of weHbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weflbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes wi th the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardmahle 

fiuidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exita the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weflbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from arjoutO to 5000 pai and 0 to 
1,500 gallons/mm, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and weflbore sizes, weflbore section length, 
available pumping equipment, and fluid properties of the fiuidic material being 
pumped. The optimum flow rate and operating preeeure are prefer^ 

30 using conventional empirical methods. 

The hardenable fluidk sealing material 305 may comprise any number of 
conventional commercially available hardenable fiuidic sealing materials such as, 
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for examp l e , slag mix, cement or epoxy. In a preferred embodiment, the 
harriermhle fluidic sealing material 805 co^ipng^g a blended cement prepared 
apedficaUr for the partfciilar weD seetra 
Services m Dallas, TX m order to pr^ 
5 while also maintaming optmmni flow characteristics so as to infamize difficulties 
during the diqil a ceniftnt of cement in the ammiar region 315. The optmram Wend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region SIS preferably is filled with the material 305 in 
10 sufficient quantities to ensure that, upon ra^ 
210,thesiniularregkm815tf 
with material 306. 

In a particularly preferred emhodimwit, as illustrated in Kg. 3a, the wall 

thicfaiessaxidYortheou^ 
15 region adjacent to the mandrel 205 m order optimally permit placement of the 

apparatus 200 in poaitiona in the wtflbore with tight rW,^ Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 210 

during the extrusion process is optimally facilitated 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 fOW with material 306^ 

fluid passage 240 thereby fhudicfr isolating the interior region 3 10 from the 

annularregion315. InapreferxedembodhiiBn^ material 

306 is then pumped into the interior region 310 causing the interior region to 

pressurise, m this marmer, the mterte 
26 not contain Mgnffirant amoonta of cnredmaterisl 305. This n*hi**» m^n*** 

the cost ofthe entire process. Alternatively, the 

this phase of the process. 

Once the interior region 310 becomes soffidaatfr presaoxixod, t*if tatH»'- 

member 210 is extruded off of the expandable mandrel 206. During the extrusion 
30 procean, the capandable mandrel 205 m^b«rmi^outrf-the expanded portion of 

the tabular member 210. In a preferred embodiment, daring the ertruakm 

process, the mandrel 20S is raised at apprarbnatelr the saine rate as tb* tabi^ 
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member 210 is expanded in order to keep the tabular member 210 stationary 
relative to the new weubore section 130. in an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 210 positioned above 
the bottom of the new weHbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fhridicly isolate the hardenable fluidk 

10 fa*Hny mflt ffT^l 30ft *WffTI the hardenflhle fhiidie material 30fi. 

The plug 405 may comprise any number of conventional commercially 
available devices from phiggmgafhiid passage such as, for example, Multiple Stage 
Cementer (MSO latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 

15 apreferred embodiment, the plug 405 comprises a M^^ 
from Halliburton Energy Services in Dallas, TX 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressure b 
and flow rates ranging; for example, from approximately 400 to 10,000 psiandSO 

20 to 4,000 gallons/rain. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimized. In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 30 6 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

25 ft flflfl gniifln^min order U* maximise tha extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects win be depend upon the geometry of the 
expansion mandrel 206, the material composition of the tubular member 210 and 

30 expansion mandrel 205, the inner diameter of the tubular member 210. the wall 
thidmftffg of *b» taihwlArmmiher 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the wall thirknem, the smaller 
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the tamer diameter, and the greater the yield strength ofthe tubular member 210, 
then the greater the operating pressarta required to ortxude the tubular member 
210 offof the mandrel 205. 

For typical tabular members 210, the extrnaion of the tabular member 210 
5 off of the funda ble mandrel wfll begin when the pressure of the interior region 
310 reaches, for example, approximately 500 to 9,000 peL 

Daring the extrusion process, the expandable mandrel 206 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, fiTimabmitOtoBft/sec. Inaprtrfernxlfunbodiinei^ 
10 pnxsei^ the exp^jdaWe mandrel 2()6iaraiaed^ 
tulmlar member 210at rates ranging ft^ about 
tto tima required for the eapmiaro 
the expansion process. 

Whan the end portion 260 of the tubular niember 210 is extruded off of the 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
pc^on 270 (rfthecasmg llStofom an ftaid tighten The contact 

pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 psi In a preferred emb odi me n t , the contact pressure of the overlapping 
20 joint ranges from spproxinuii^ 400 to 

pressure to activate the annular sealing members 246 and optimally provide 
resistance to axial mction to a wmnnndsre 

The overlapping joint between the section 410 of the axiatin C «,^ e i ^ HTtd 
theseetbn265oftheexpandedtab^ 
26 and Auidk seal Inapartinu^pi»ferredembodn^ 
cn3tima%nwioeafluio^a^ 

Inapreferrwl embodiment,^ 
haro\mahleaiidicmateiml306isco«n^^ 

mandrel 206 reaches the end liorticm 2€0 of ti« tubrdar member 210. In this 
30 nianner, the suddm release of pree^ 

tubular men^ 210 off «rf the expandable numdrel^ m a 



16- 



preferred embodiment, the operating pressure is reduced in a substantiality linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the 

The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fiuidic seal of the 

15 overlapping joint between the upper portion 260 of the tabular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fhiidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then " nff iTrfd pfrrtfr™ of th? v)v terial snfi within th* expanded tubular member 

20 2 10 ia then removed in a conventional manner roch as, for example, circulating the 
uncured material out of the mterior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit ox mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210* The material 305 within 

25 the annular region 316 is then allowed to cure. 

As illustrated in Fig. 5, preferably airy remn ining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional t^**"** using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 includes one or more seating members 605 and one or 
more pressure relief hold 610. In this manner, the overlapping joint between the 
low portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 U pressure-tight and the pressure on the interior and exterior 
inirfacea of the tulralax nteinlw 

In a preferred embo d iment , the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred «™iw«™«».t, the sealing 
10 niembereorearebaiidedminoldedom* 

260 of the tubular member 210. The pressure relief boles 610 am preferably 
positioned m the list few feet of the tabular member 210. Tbe pressure relief 
holes reduce the of^eratrng pressures required to expend the upper portion 260 of 
the tubular member 210. This reduction m ieqm^ oparatiiig pressure m turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in volooty Jn term, 1*™^^ ffag mechanical shock to the 
entire apparatus 20O upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a wellboze preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 716, a float shoe 720, a lower cup seel 726, aniqiper cup seal 730. 
a fluid pasaage 73M fluid ijsesage 7 

750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is ajupled to and supported by the support 

member745. Theexpaimabfeinanm^ 7<*iafm^ 

mandrel container 710. The wpmidfihle mandrel 705 is preferably adapted to 
controDably expand in a radial direction. The expandable mandrel 705 may 
comprlseenynumberofcQwentio^ 
30 modmWtoaccordancewto In a preferred 

embodiment, the expandable mandrd 705 comprises a bybraulk e 
substantial^ as disclosed in UA Pat No. 6,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

ThB expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, 0 ilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 716 is fabricated In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its pl ace ment within the weHbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Rga, 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a krwer section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined ly the region beginning 

of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tabular member 715 is 
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preferably defi^ by the region begins 

container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending rt the bottom 825 of the 
5 tubular member 716. 

In a preferred embodiment the 
the tubular member 71 5 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 816 of the tubular inember 715 in order to 
faciliate the initiate 
10 700 to be positioned in locations in the weHbore having tight clearances. 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 716 may range, for exann^ from abcnrt 1.06 to 48 inches and ^ 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and 
thickness oftheupper section 805 of the tubular member 715 range from about 3.5 
15 to 16 inches and 3/8 to L5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 7 16 may range, for example , from about 2.5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/8 to U16 inchem, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1.25 inches, respectively. In a preferred embodiment, the outer diameter and 
wall t hick n e s s of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the lower section ftifi of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are used 

The tubular member 715 prefe^ In 
30 apreferredembodiment.thee^ 

perforated, or otherwise m odified to catch or slowdown the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 
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lengthof the tubular member 7 15 ia limited t/i minimi th* p^fffMtity ofbucfcling. 
For typical tubular member 715 materials, the length of the tubular member 715 
Is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
erobodiniexii v theEhoe7 

jet porta 835. In a particularity preferred embodiment, the croaa^ectional shape 
of the inlet passage 830 ia adapted to receive a latch-down dart, or other similar 
elftmefnt a, for Working the inlet passage 830. lite interior of the shoe 720 

10 preferahh/ I nc lu de s a body of soM strength of the 

shoe 720. In a particularly preferred embodimmt, the body of solid matmal S40 
comprises fllnTTft^Tpr* . 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing aleeve for a latch down phig modified ta accordance with the 
teachings of the present disclosure. In a p r ef e rre d embodiment, the shoe 720 
comprises an al uminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 716 in the wefihore, optimize the seal between the 
tubular member 715 and an existingwellbore casing, and to optimalfe fadhate the 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expendable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body rfhibricant 



-20- 



The upper cup «eal 730 is coupled to and supported by the support member 
760. The upper cop seal 730 prevents foreign inateiialsnTO entering ttemterior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cud reals such as, for cample, TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teacln^ of the present iadosure. In a preferred prnhofHrnent, the upper cop aeal 
730 comprises a SIP cap available from Halliburton Ener^ 
in order to optimally provide a debris barrier aaid contain a l>ody of tabrkant 
The fluid passage 735 permits ffnidic material* to be transported to and 
10 lromtb«inle™r region of the tubular m 

706. Toe fhiid passage 736 isflnididy coupled to the fluid passage 740. The Quid 
passage 736 is preferably coupled to and positioned withm the support member 
760, the support member 746, the mandrel container 710, and the expandable 
inandrel705. The fluid passage 735 preferably extends from a position sdjacent 
15 tothetairfacetothepottomoftbaw The fluid passage 735 

is preferably positioned akrag a canterline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gaflonVrninute 
and 500 to 9,000 psi in order to provide suflldenlepetatmg pressures to extrude 
20 the tubular member 7ifi ofTof theeapandabts mjtiwi^ yap 

As described above with reference to Kga. 1-6, during placement of the 
apparatus 700 within a new section of a weffixxre, fluidic materials forced up the 
fluid passage 736 can be released into the vreDborealHwtb*tulmlsr member 715^ 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 280 . The 
pressure release passage is fortfaarfinidiefyconplad to tb« fluid pajaa^m The 
pressure release passage preferably includes a control valve for eontrollably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activatodmordg The 
JO pleasure releaiK passage Upreferabty 

canterline of the apparatus 700. The pressure release passage is preferably 
selected to corrreyinaterislsBuc^ 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 pai in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minmrira surge pressures on the new wellbore section. 

The Quid passage 740 permits fluidk materials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned withm the shoe 720 m 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block further passage of fhiidfc materials. In this manner, the interior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidicry isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fhiid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 pai in order 
to optimally fill mn annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes en inlet passage 830 having a geometry that can receive a 
dart aoa d/ or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by mtzodudng a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 farther mchito 

seals 846 coupled to and supported by the end portictti 820 ofthe tubular member 
715. The seals 845 ore further positioned on an outer surface of the end portion 
620 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be Guididy sealed. The seals 845 may comprise any 
number of conventional coimiiercialry available seals such as, for example , lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a prefe rred embodiment, the seals 845 comprise seals 
mold ed from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a bad bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existmgeasing with optimal load bearing capacity to mppo^ 
715. 

In aprefiMTedembodimen^ 
fractional force to support the expanded tabular member 715 from the existing 
casing. In a preferred embodiment, the frictions! force provided by the aeala 846 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tabular wwmihf 715. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
15 700 mto a new section oft wellbore. support member 7 

number of conventional commercially available support members audi aa, for 
example, steel drill pipe, coiled tubing or other high rtrength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment^ support n^ 
20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mimrirel container 710 within the interior of 
the tubular member 715. In this maimer, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated The hihricant 706 may comprise 
25 any number of conventional commercially available lubricants such aa, for 
frraniple, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antisiexe (3100). In a preferred eml>odiment, the lubricant 760 comprises 
Climax 1500 Antisiexe (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 
30 process. 

The overshot connection 755 u 
support member 760. The overshot connection 755 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 pref erred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, T2L 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of aweDbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, st^ 

modified m accent In a preferred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States, 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having en outside diameter that is about 80 to 99% of the 
interior diame ter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 7 15. The stabilizer 765 injtf comprises^ 
of conventional commercially available stabilisers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks mo difi e d in accordance with the teachings 
25 of the present disclosure. In a preferred embodmiffnt, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, IX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700* In this maxmex t the introduce 

is minimised This n*™*™**** the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are cir culate d 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 70S during the expansion process 
In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of caring within 
a wellbore. 

10 AsutastratedmF1g.8,manaJteniati» 

and apparatus described herein is used to repair en existing weDbora casing 805 
by forming a tubular hner 810 toside of the existing wellbore r»«<n g 806. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred 
16 materiab can be used to expand the tuiiu^ 

the damaged section of the wellbore casing audi as, for aiample, ceinent, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at bothends of the tubular membermorder 
to optimally provide a Guiaic seal In an alternative preferred Embodiment, the 
20 tubular liner 810 is formed within a horiaontadlv poritfrn,^ ^p»K™ ^, rh 
as those used to transport hydrcearbonaor water, with the tubito 
in an overlapping relationabip with the iidjacent pipeline section. In this manner, 
underground pipelines can be repaired withimt having to dig out and r^ 
damaged sections. 

25 In another altemativB preferred embodiment, the method and apparatus 

deecribed hereto is used to directhrlh^ l aa 
vt**ixd embodiment, an outer annular Hning of cement is not provided between 
the tubular finer 810 said the wellbore. In the alternative jmiferred embodiment, 
any number offluidic materials can be uari to expand the taJ»J» 

90 intonate contact with the weffliore such a^ 
or drilling mud. 



.25. 



Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weQbore casing includes an expandable tubular 
member 902, a rapport member 904, m 

908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 perrnits easy rem^ In this 

manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
906 by pressurizing an interior region 966 of the tubular member 902. The 
tab u lar member 902 preferably has a substantially annular cross-section. 

In a particularly pr e fer r ed embodiment, an ex pandable ta bular member 915 
iacoupled to the upper portion 9 10 of the exparidabktulnilar member 902^ During 
15 operation of the apparatus 900, the tubular member 915 ia preferably extruded off 
of the mandrel 906 by pressurising the interior region 966 of the tubular member 
902. The tubularmember 915 preferably 

In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickn ess of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tabular*, low alloy steels, titanium or stamless steels. In a preferred enib<MJiment 1 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 

25 In a particularly preferred embodirnent, the tubular member 915 has a plastk yield 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same The tubular 

member 915 may comprise a plurality of tubular members coupled end to end* 
In a preferred embodiment, the upper end portion of the tubular member 

30 916 inchidec one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 



.26- 



In a preferred embodiment, the combined length of the tabular members 
902 and 9 15 are limited to minimi™ tfif»pn^¥P*y f*ffr Trifling For typical tubular 
niember materi als, the esnihined length of the tubular inemberg 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 0 14 of the tubular member 902 is preferably coupled to 

the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably ia placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercial^ available materials such as, for example, oilfield 
tulralars, tow alloy steels, titanhmi or stainless steela. In a preferred enm odiment, 
tJ^ tulnxlar member 902 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical piopm-Liea as the tnhtibtr mam^ar q t k 
In a particularly preferred embodiment, the tubular member 902 baa aplasticyield 
15 point ranging from about 40,000 to 136,000 psi in order to optimally provide 
approximately the same yield properties as tte tabula 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular meniber 902 may range, to 

inches. In a preferred embodiment, the wall thickness of the upper, intermediate, 
20 and lower portkms, 910, 912 and 914 crfthe tubular manber 902 ra^ 

US to L2S m order to optimal^ prpyjdii wall fo^y^ tNrt nre abmit the game as 
the tubular m em ber 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhola. 

The c«ter diameter cf the upper, m^ 910, 912 

and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inc h es . In a preferred embedment, the outer diameter of the upper, mt#»n" H i>*» 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 to 19 inches in order to optimally provide the ability to expand the most 
cnnminnfr used pfflfeld tubulars. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise air/ number of conventional 

5 cammctciaOy available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
rrrrnprjjps Oilfield Country Tubular Goods available from various US. steel mills. 
The tubular member 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 present disclosure. Tn a preferred emhnriiinfflit, the tabular member 915 comprises 
Oilfield Country Tubular Goods available from various ILS. steel nulla. 

The various elements of the tabular member 9M may be cou^^ using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred ptnbod i mpnt, the various 

15 elements of the tabular member 902 are coupled using welding. The tubular 
member 902 may comprise aplurality of tubular 

end The various elements of the tabular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or f""^"«»* from one piece* In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a pluraU 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an iimerstring adapter 916, 
a Quid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferabty 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional conmierdalfy available materials such as, for erampte, oflfiald 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 
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embodiment, the support member 904 is fabricated ftom lew alloy steel in onto 
to optimal*/ provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The flnki passage 918 is prefaab^ 
to and from the apparatus 900. In a preferred emb<>diment > tte 
is fhiidichy coupled to the fluid passage 952. In a pwfemd em *™*Vi»n t ttm fluid 
10 passage 918 is used to coovsy h™*««KU ^ tftling mntrrinb to and from the 
apparatus 900. In a particularly piefa^ 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during poaitkniin^ In a preferred 

onbodiment, the fluid passage 918 bpoaitionedalanga longitudinal centerhne of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance ofhardenaMe flnktic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion ofthe support member 
904. Theupper guide 920 preferabjy is adapted to center the support 
20 withinthetubuiarinam The upper guide 920 inivcornpriw 

of conventional guide members mocffflwrt in accordance with the fa***™^ Af 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
iimerstring adapter available ^mHalHburtonEnergySerwcesin n»ii» ? /ntttrder 
to optimally guide the apparatus 900 within the tubular member 9 15. 
25 His coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 pwfaahfr comprises a conventional threaded connection. 

The various elements of the supped meinber 904 may be coupled ushig any 
number of co^rveniianal processes such as, for example, welding, threaded 
collections or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using threaded ^twit,^,^ 
The mandrel 906 preferably includes a retainer 924, a rub^ 
ezpanaion cone 928\ a lower cocie retainer 930, a 932, a lower guide 
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934, an extension aleeve 936 , a spacer 93 8 , a housing 940 , a sealing sleeve 942, an 
upper confl retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946 , lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the hibricator aleeve 948. The rubber cup 926 prevents the entry of 
foreig n materials Into the Interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SEP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly prefe rred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular inember 902 moTuer to 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil baaed lubricants or Climax 1500 Antiaeize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1 500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fadliate the extrusion process. 

TK* *TpAr>«ifm ivmft Q2fl in conplgd to the lower cone retainer 930. the body 
of cement 932, the lower guide 934, the extenskm sleeve 938 t the bousing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a piefeu e d embodiment, axial movement 
of the eipanfiion oone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion coik 928 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. Hie wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of the expansion cone 928 ranges from about 035 to 0 . 75 inches in order 
to optimally provide adequate compressive strength with minimal ™»+*ri al_ The 

10 maamam and mmhmim outside di a im te ra of the ^f^fn m^y ran g e, 

for example, from about 1 to 47 inches. In a preferred embodiment, the maximum 
and mmimnm outside diameters of the expansion cone 928 range from about 3.5 
to 19 in order to optimal^ provide expansion of generaHy available oilfield tubulars 
The prpnn won cone 928 may be fabricated from any number of con ventional 

15 commercially available materials such aa, for example, ceramic, tool steel, titanium 
or low alloy steel In a preferred embcxiimeii^the 

from tool steel in order to optimally provide high strength and ahrarimi r*»m qta n< *p 
The surface hardness of the outer surfa»cf the ex 
example, from iihoutoX) Rod 

20 the surface hardne ss of the outer surface of the expansion cone 928 ranges from 
shoot 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a prefeimd embodiment, rrpmri'rrt cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 TTie lower cone retainer 930 is coupled to the expansion cone 928 and the 

houaing940. In a prefer re d embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 

30 conventional commeicialry available materials such as, for example, H ^m^ tool 
steel, titaninm or low alloy steel In a preferred embediment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 68 EockweU C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cane retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the 

10 cone 928 are formed as an integr^ 

of components and increase the ovi^ strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned withm the interim 

15 The body of cement 932 provides an toner bearing structure for the mandrel 906. 
The body of cement 932 furthering 

device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

Tike body of cement 932 may comprise any number of conventional 
20 conimemaUy available cement compounds. Alternatively, al uminum, cast iron or 
tome other drillahle metallic, composite, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular croasr 
section. 

The lower guide 934 ia coupled to the extension sleeve 938 and housing 940, 
26 During operation of the apparatus 900, the lower guide 934 preferably helps guide 
the inoveinent of the mandrel 906 within the tubular member 902. The lower 
guide 9 34 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
a^nimercialry available mat*!**!* such as, for example, oilfield tubulars, low alkry 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated torn km alloy ete^ 



The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 938 is coupled to Slower guide 9S4 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The ertenflion sleeve 936 preferably hag a substantial cy annular craa-section. 

Ilia extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alloy steel or stainless steeL In a p re fe rred embodiment, the 
10 extension sleeve 936 is fabricated 

high yield strength. Theoutersurfaceoftheextensk^ 

with the inner surface of the tubular member 902 to provide a sliding fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimise the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960of the shoe 908. Inthia mimiiBr.aphigord 

surface through the fluid passages 918 and 952 into the fluid passage 962. 

20 Preferably, the spacer 938 has a substantially anrmlirr cxoesHsection. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron, In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 

25 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 arid the sealing sleeve 942 are formed 

to reduce the number of compone nt s and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation of the apparatus 900, the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulara, low alloy 
steel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 

5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are farmed as an integral one-piece element in order to minimise the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 hwhrW one or more protrusions to fariliate the connection between the 

10 hcAising940andthebo4yof cemcnt932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement932 # the spacer 938, and the upper cone retainex 944. During operation of 
the apparatus, the Bealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 

15 the coupling 922. Preferably, the Beading steeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may he fabricated from anv number of conventional 
commercially available materials such as, for example, steel, a hrnirnnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide ctoflabOity of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one ot more protrusions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932 . 

In a particularly preferred embodiment, the spacer 988 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimixe the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferabby prevents axial w 
30 cone 928. Preferably, the upper cone retainer 944 has a subs tantially annular 
cross-section. 
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Th* upper cane retainer 944 may be fabricated from any Dumber of 
conventional commercially available materials such as, for example, steel, 
aluminum or east iron. In a prefer red embodiment, the upper cone retainer 944 
is fabricated from akonmumm order to op 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper co ne retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a caress-sectional shape 
that is substantially I-cbaped to provide increased rigidity and minimise the 
10 amount ofmaterial that vrouldhave to be drilled out 

The lubri cator mandrel P46 is coupled to the retainer 924, the robber cup 
926, the upper cone retainer 944, the fabricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferabry 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tabular member 902. Preferably , the 
lubricator mandrel 948 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum ox cast iron, In a preferred embodixnent, the lubricator mandrel 946 is 
20 fabri cat e d from aluminum in order to optimally provide drfllability of the 
hibricatoT mandrel 946, 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cu^ 

948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 

sleeve 948 has a snhatantiaUy *nimi»y cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from a luminu m in order to optimally provide driDability of the 

lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The fabricator sleeve 948in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
& preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimalry seal 
off the interior region 972 of the tubular member 902. 

The guide 960 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900 , the guide 
950 preferably guides the e^ Preferably, the 

10 guld* 9ffl *m»? * rob stanta «% annular t*rm+n4km- 

The guide 960 may be fabricated from any number of conventional 
commerciauy available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 960 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
16 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 962 preferably conveys hardenable Quidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fiuidic materials at pressures 
20 and flow rate ranging from about 0 to 9,000 rxa and 0 to 3,000 galtonsfminm 
to optimally provide pressure 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be cmn^led using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and c ementing . 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962 , and one or more 
outlet jets 964. 

80 Thehinisirig95^iscc^ledtothe bcdy of cement 95^ and the lownr portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the to 
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shoe 908 to facilitate the fgtrmnmi and positioning of the tubular member 902. 
Preferably, the honsfng 954 has a substantially annular cross* section. 

The housing 964 may be fabricated from any number of conventi onal 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillabflity of the housing 954, 

In a particularly preferred emb^ 
954 inc lude s one or more protnisians to fariliAto th* wm^i-^^ brtwaen the body 
of cement 956 and the housing 954. 
10 T!heb<Kiy of earne d OGOkceppled to 

958. In a preferred -embodiment 956 is 

selected to permit the body of cetnnnt &> be easily drilled out using conventio nal 
drilling machine s *™t procesa e a. 

The composition of the body of cement 956 may include any number of 
15 conventional cement composition*. In an alternative ftmh^TT^m^ & drBlabk 
material such as, for example, aluminum or iron may be substituted f o r the body 
of cement 956. 

The sealing sleeve 958 ia coupled to the body of cement 956 , the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in orto to inject to hai denahte Onidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further 

25 indudeaaiiinletgeom 

lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
may be blocked thereby ftaidicry isolating the Intera 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
SO animlarcrt»aecW The sealing sleeve 958m 

of conventional commercially available materials such as, for example, steel, 
aluminnm or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillabiHty of the 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tobe 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet Jets 964 in order to inject the hardenable flnidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the app aratu s 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the seating sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby Quidicfy isolating the interior region 966 of the tubular member 902. In 
a pi efeiTed embodiment, one end of the exten si on tube 960 mates with one end of 
the spacer 938 in order to optimally faohate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960may be fabricated from any number 
of conventional commercially available rnntfri? 10 such as, for example, steel, 
aluminum or cast iron. In a prefe rred embodiment, the extension tube 960 is 

20 fafrrWfr** from aluminum in order to optimally provide drillability of the 
flrttthHtfm tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, andoneormore outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials, In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 pai and 0 to 3 ,000 gaUona/min in order to optimally 
provide fluids at operationally efficient rates. 

30 The ontletjets 964 are ccorofed to the sealing 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region ertCTioToftha apparatus 900. In a preferred embodiment, the shoe 
908 includes a phirality of outlet jeta 964. 

In a preferred embodiment, the outlet jeta 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in atdei to ataiilify the construction 
5 of the apparatus 900. 

Hie various elements of the shoe 908 may be coupled uatog any number of 
conventional process such as, for example, threaded wmn^^ cement or 
machmedfrom one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment , the assembly 900 is operated substantially as 
described above with reference to Kga. 1-8 to create a new section of casingin a 
weubore or to repair a weUbore casmg or pipeline. 

In particular, in order to extend a weDboxemto a subterranean formation, 
a drill string is used m a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a weUbore casing in a subterranean 
formation is then poattkmedm the new sect^ In a particulariy 

preferred embodiment , the apparatus 900 includes the tubular member 915. Ins 
preferred emb od iment , a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918. Hie 
lmrdenablefliiidir seating material thm passes ftom th»flnW jrmr^ pi ft fn to the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable ihiidic sealing material then passes from the mterk)r regmn 966 into 
the fluid passage 962. The hardenable fluidic sealing material than exits the 
25 apparatus 900 via the outlet jeta 961 and fills an annular region between the 
exterior of the tabular member 902 and the interior wafl of the new section of the 
weUbore. Qmtmued cmrnningof the hnrAm«hU nmH,v -~,i^ r — rm^thc 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material ia preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, f^ about 0 to 
5,000 psi and 0 to 1^00 gallona^ respective mapreferredenmodiment,the 
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and flow rates that are designed for the specific wellbore section in order to 
ootnnixe the displacement of the hardenable fluidic sealing material 'while not 

r rpafxng high Prion gh rimilwtfng pressures ftM^h that circulation might be T" 1 ^ 
that could cause the wellbore to collapse. The optimum pressures and How rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional com mer cially available hardenable fh rwl ft ? s ealin g ma te rials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fhiid'f staling material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member whSe also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements ia preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adoniatefy filled with harden^ 

sealing mat^H^ a phig or dart 974, or other similar device* preferably is 
introduced into the fluid passage 962 thereby fhiidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably la 
Introduced into the fluid passage 962 by mtroohiring the plug or dart 974, or other 
similar device into the non hardenable fluidic material In this manner, the 
a mount of cured material within the interior of the tubular members 902 and 915 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. Daring the extrusion process* the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904, During tldsextnifrion process, the Bhoe 908 is preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into thaflbidpasBagB918Rtasur^lasatic^in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercial^ available devices for r^gE^ff a fluid p assa ge snch as, 
for example, Multiple Stage Csmenter (MSG) latch-down plug, Omega latch-down 
10 plug orthree-wiper latch down plug mcxiified to accordance wto 

the present disclosure. In a preferred embodiment, the plugc* dart 974 comprises 
a MSG latch^wn phig available from Halliburton Energy Services in T) M»* TY 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenabie fluidie material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gaUonatoin in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 rcacl^appraxiinatety6WtoB f CK)0 1^ In a preferred 
embodiment, the extrusion ofthetiibolarmen>bcrs902and9l5c^c^themaii6^ 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 pa with a flow rate of about 40 to 1250 gallona/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 e xp anded portion* of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fest enough to permit efficient operation and 
90 permit full expansion of the tubular members 902 and 915 prior to curing of the 
h a rden abie fluidie sealing material; but not so fast that thnefy adjustment of 
operating parameters during operation is p rev ente d. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portfenofthe^uJar member 
915 will preferably contact the interior surface of the lower end portion of the 
foisting casing to form an fluid tight overlapping joint , The contact pressure of the 
5 overlapping joint may range, for rxamptr , from approximately 50 to 20,000 psL In 
a prefer red embodiment, the contact pressure of the o ^ hp pmgjoint between the 
upper end of the tubular member 915 and the existing section of wellbore caring 
ranges from approximately 400 to 10 r 0OO psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 
10 the tubular inember 915 and orf^^ 
compressive loads* 

In a p re f erred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material will be controllabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In thi s manner, the 
15 sodden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be niinimized In a prefer red 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process begmning when 
the mandrel 906 has completed appxoxiinately all but about the last 5 feet of the 
20 extrusion process. 

In an alternative preferred embodiment, tlm opentb^ 
rate of the ha rdenab le fhiidic sealing material and/or the non hardenable fluidic 
material are controlled during all phases of the operation of the apparatus 90 0 to 
minixnixe shock. 
25 Alternatively, or m combination^ 

member 904 in order to absorb tto shock caused by the sudden re^ 

Alternatively! or in combination, a mandrel catching structure is provided 
above the support member 904 m order to catch or at least decelerated 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellborn In a preferred embodiment, e^ 

mandrel 906, the integrity of the fluidic seal of the overlapping jomt between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using convento^ If the fluidic seal of the overlapping 

joint bcrtween the upper portkm of tte 

of the existing casing is satisfactory , then the uncured portion of any of the 
5 hardenable flnidic eealing material within the expanded tubular member 915 is 
then removed in a conventional manner. Th» h«»wi«>t»«Kfr flnidi* ^I rngmntcrinl 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wallbare is then allowed to cure. 

Preferably any remaining cured hardenable flnidic sealing material within 
10 the interior of the expand^ 

conventional mwrnwrusmga conventional drill string. The resulting new section 
of casing preferably i nc lu des the e xp anded tabular members 902 and 9 15 and an 
outer annular layer of cured hardenable flnidic seeling material. The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 

to a malfunctio n- In this orcrmiBfrmr^ a crmvmtiim*\ drill string in used to drill 
out the interior sections of the apparatus 900 in oi^ to fi^tate the removal of 
20 the renaming sections. In apzefemd onbodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 secticma of the mandrel 906 an^ 
cement 932, the epac« 938, to 
the h^ricator mandrel 948^ 
954, the bod>rf cement 956^ the seal^ 

are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event ofa 
nuutonction downhole, the apparatus 900 may be easily removed from the 
weQbore. 
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Referring now to Figs. 10a, 10b, 10c, 10d, lOe, lOf, and lOga method and 
apparatus for creating a tie-back liner in a wellbare will now be described. As 
illustrated in Fig. 10a, a wellbare 1000 positioned in a subterranean formation 
1 002 mchxles a first casing 1004 and & second casing 1006. 
5 The first rawn g 1004 preferably includes a tubular liner 1008 and a cement 

annuhia 1010. The second r**xng 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is formed by T"din g B tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figa. lla-llf 

10 In a particularly preferr e d embodiment, an upper portion of the tubular 

liner 1012 overlaps with a kiwei portion of the tabular liner 1008. In a particularly 
preferred embodiment, outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1130, a Quid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1150- 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1160. The expandable mandrel 1105 is preferably adapted to 
oontroUably expand in a radial direction. The fpurfaHU mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified accordance 

emb o diment, the expandable mandrel 1105 comprises a hydraulic expans io n tool 
substantially as disclosed in UJS. Pat. No. 6,348,095, the disclosure of which is 
incorpora t ed herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 

mandrel 1105. The tubular member 1105 is expanded m the radial d^recticm and 
extruded off of the expandable mandrel 1105. The tubular member 1 1 10 may be 
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fabricated from any number of materials such as, for example. Oilfield Country 
Tubular Goods, lSiiromimntubiiigorplaBticpqjmg. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Coiintry Tubular Goods. 
The inner and outer diameters of the tubular member 1110 may range, for 
6 example, from approximately 0.75 to 47 inches and 1.06 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1110 range from about 3 to 16.fi inches and 3.6 to 16 inches, respectively m order 
to optimally provide coverage for typical oilfield casing sires. The tubular member 
1110 preferably comprises a solid member 
10 In a preferred embodiment, the upper end portion of the tubular member 

1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1106 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
niinimise the possibility of buckling. For typical tubular member 1110 materials, 
16 the tength of the tubular member lllOispreferabh/liinited to Detweenabout4^ 
to 20,000 feet in length. 

The shoe 1116 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The ah« 11 16indudes the fluid passage 1136. The shoe 11 15 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super 8eainflc»teb«e,Sup« 

with a sealing sleeve far a latch down pmg modified in accordance with the 
teachings of the present disclosure. In a preferred wnWm.^ flit B hoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a Latch-down 
pmg with side porta radiating off of the exit flow port availabte from Halliburton 
25 Energy Services in Dallas, TX, modified m accordance vHth the teachings of the 
present disclosure, in order to optimauy guide the tubular member 1100 to the 
overlap between the tabular member 1100 and the casing 1012, opthnaByfhnoicry 
isolate the interior of the tubular member 1100 after the latch down prag has 
seated, and optimaOy permit drilling out of the shoe 1116 after completion of the 
30 expansion and ceme nti ng operations. 

to B prefaced embodiment the arra 
ports 1 140 in fluidk communication with the fhrid passage 1135. In this manner. 
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the shoe 1115 injects bardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one ormore of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed offby introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1 120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. Hie cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
such as, tor frrfimple, TP cupe or Selective Injection Packer (SIP) cup* modified in 
accordance with the teachings of the present disclo s u r e. In a pref erred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1190 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centeriine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epcriea at flow rates and 
pressures ranging from about 0 to 3,000 galbns/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits flnkiicmaterialstobe transmitted 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
paasages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that perm^ 

passages 1140 to thereby block further passage of ftuidk TnafariaK In this 
manner, the interior region of the tabular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105, Thb permits tie intarkff 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably portioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 audi as cement, drilling 

about 0 to 3,000 gaBanaftninute and 0 to 9,000 pei in order to optimally fill the 
annular region between the tubolar member U 10 oM 

fluidic materials. In a preferred embodiment, the fluid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1 1 15 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 

20 or other similar device, to permit the interior region of the tubular m^ 
to be fhndiejy isolated from the exterior ofthe tubular member 1110. 

The seals 1145 are coupled to and supported by a k>wer end portion of the 
tubular member 1110. The seals 1145 are ftrrther positioned on an crater surface 
ofthe lower end portion of the tubular member 1110. The seala 1145 permit the 

25 overlapping joint between the upper end portion ofthe casing 10 12 and the lower 
end portion of the tubular member 1110 to be fhididy sealed. 

The seals 1145 may c ompri se any number of co nven tional commercially 
available seals such as, for example, lead, rubber, Teflon or epaxy seals modified 
in accordance with the teachings of the present disclosure. In a pre fe rred 

30 embodiment, the seals 1145 comprise aealsmolded from Btratalocfc epoacy av ailab le 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydiaulkrsealintheoverlappingjo^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1146 are selected to optimally provide 
a sufficient frictioiial fore© to support the expanded tubular member 1110 from the 

5 tubular liner 1008. In a prcf eiredembodiineat, the friction a ! force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 M in tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110! shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises en annular member having sufficient strength to carry the 
apparatus 1100 Into the wellborn 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centrahxers (not 
fflustreted) to help stabilise the tubular member 1110. 

In a p re f erred embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the eactruaion of the tabular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, I .nhriplflte, chlorine hawed lubricants or Climax 1500 Antiaeize (3100). 

20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiaeize 
(3 1 00) available from CUmax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1100 is minimised. 
This ™n*r^«* the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel HQS during the extrusion process. 

In a particularly pr e f erred embodiment, the apparatus 1100 includes a 

30 packer 1 1 55 coupled to the bottom section of the shoe 1 1 15 for ihiidkly isolating 
the region of the welibore 1000 below the apparatus 1100. In this manner, fluidxc 
materials are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Energy Services m 
5 Dallas, TX In an alternative embodiment, a high gel gtrength pill may be set 
below the tie-back inplacerfthe packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the weDbore 1100, a couple of weHbore volume* are circulated in order to 
10 ensure that no foreign mater ialt are located within thg waBbora 1000 that might 
clog up the various flow passages and valves of th«apparattia 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Kg. 10c, a h^ 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
memberlllObetowtheezpandablemaxidrelllOS. The material 1160 then passes 
from the interior region of the tabular member 1110 into tte 
The material 1160 then exits the apparatus 1100 and fills the *rim\ni- region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 ****** the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galk)ns/min,re«pectrfeiy. In aprefarred embodiment, tfm matimal 1 160 is pumped 
into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the properties of the fluid bemg pumped. The optimum flow rates 
and pressures am preferably calculated "«™g gmvynt^ml empirical method*. 

30 The harfcmable fluids 

conventional commercially available hardenable fluidtc sealing materials such as, 
for example, slag mix, cement or epaxy. In a preferred embodiment, the 
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haidgnable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while mamtaining optimum flow characteristics so as to minimize 

The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
10 annular region will be filled with material 1 160 . 
As illustrated m Fig. lOd, once the a 
with material 1160, one or more plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1 1 40 thereby Ouididy isolating the interior 
region of the tubular mem 
15 member 1110. faapfeferredembodmient,anon 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugB 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fluidk 
20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurised, the tabular member 1110 is ertruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1166 into the fluid passage 1130 at a surface location in a 
conventional manner The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage sach as, for example, 
30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1166 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
6 hardenable fiuidk material 1161 is preferably pumped into the interior region of 
the tubular member 1U0 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 gallona/min. 
In apreferredembodiinent, after pl^^ 

1140, the non hardenable fluidic material 1161 is preferably pumped into the 
10 interior regkm of the tabular member mo below the mandnd 

and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallonVmin in order to optimally provide ertruam of typical tubulara 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1 1 10 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 6500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior regkm of the tubular member 11 10 below the 
mandrel 1105 reaches approxroati^ 1200 to 8500 psL 
20 During the extrusion process, the expandable mai^ 1105 may be raised 
out of the expanded portion of the tubular member 1110 at rates ran g in g, for 
example, from about 0 to 5 ft/sec Ina preferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out ofthe expanded portion of the 
tubular member 1 110 at rates ranging from about 0 to 2 ft/sec in order to optimally 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1160 cures. 

In a preferred embodiment, at least a porticm 1180 of tiie tubular m^n^ 
1 110 has an internal diameter less than the (rat^diaineter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portion <>f the expanded section 1180 effects a seal w^ 
at least the wefflxnecasinglOll Inaparttalarfrprtf 

is effected by comprpffring the seals 1016 between the expanded section 1160 and 
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the wellbare casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1146 and provide optimal resistance to 
5 ensure that the joint wfll withstand typical extremes of tenalfl and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular memb er 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 
15 provide optimal resistant* 

of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controUably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expendable mandrel 1106 can be minimized In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the raandrel 1105 baa completed 
25 approximately all but about 5 feet of the extrusion process. 

Alternatively, pt in frrrnHnpt*'™ , ■ ***** nhwnrher to provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the npper end portion of the titular member 1110 m 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is ™™pk»f^ the 
expandable mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fhiidic seal of the joint between the upper portion of the 
5 tubular member U10 and the upper portion of the tubular l»"«»r H08 is tested 
using conventional methods. If the fhiidic seal of the joint between the upper 
portion of the tabular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the mate ri al 1160 within the 
expande d tabular member 1U0 is then removed in a corrroitianal manner . The 
10 material 1160 within the annular region between the tubular member 1 110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. 1% preferably any remaining cured material 1160 
within the interior of the wipimrifiri tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resultingtie-back liner 
15 of casing 1170 includes the expended tubular member 1110 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, 1 la- 1 If; an embodiment of an apparatus and method 
for hangings tubular liners 

As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wftUhora 1 SOft hiring m renting raaad erection 1210 having 

a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the weShore l200 hito the subterranean forao 

a drill string 1225 is used in a wall known ttiktitiw to drill out material from the 

subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Fig. lib, an apparatus 1300 for formings 

in a subterranean formation is then positioned in the new section 1230 of the 

weUboxelOO. The apparatus 1300 nuafiaahfr includes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 13 15, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expendable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in XLS. Pat No. 5,348,095, the disclosure of which ia 
inc or p orat ed herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expendable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The nmer and outer diameters of the Miliar number 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1 .05 to 48 inches, respectively. 
In a prefer red embodiment, the inner and outer diameters of the tubular member 
13 10 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimalfr provide minimal telescopangeffect in the most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred erobodiTr ^H, **** wall thickness diimmtar «f tb» upper portion 

1355 of the tubular member 1310 range from about 3/8 to 1 inches and 3 to 
16 inches, respectively. In a preferred embodiment, the wall thi rimes* and outer 

30 diameter of the mtermediate portion 1360 ofthe tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range ftom about 3/3 to li) inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section i860 of the tubtilarineinber lSlOisleffi thanarequal to^ 
5 wall t h ic kness of the upper and lower sections, 1355 and 1365 r of the tubular 
member 1310 ia order to opting process 
and optimally permit the placement of the apparatus in areas of the wdlbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to eatch or slow down the mandrel 
1305 when it completes the eitniwim of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is praferab^ Knitted to between 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 msy comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal H float shoe, Super 8eal H Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified m accordance wto 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe witha sealing deerofinralatc^own plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of the present disclosure, in order to optimally guide the tubular member 
1310 into the wettbore 1200. optimally flujdjdy isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1816 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further mdudesone or more side 

30 outlet ports in fluidic mmimrmration with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenuM* IhzUiin ^i^gmsfyrial into tho region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the Quid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305, The fluid passage 1320 is prefisrahty positioned along 
a centexiine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pr^ffptr^Mi Tjmgmg from shout 0 to 3,000 gallons/minute and 0 to 9.000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates, 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidk 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sactumal shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic m ntffrinl a. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fhiidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurised. The fluid passage 1330 is 
preferably positioned substantially akmg the ce n ter li ne of the apparatus 1300, 

The fluid passage 1330 is preferably selected to convey materials such as 
c em ent, drilling mud or epoxies at flow rates and pr e ssu res ranging from about 0 

30 to 3,000 gallonstoinute and 0 to 9,000 psi in order to optimally fill the nnnul a r 
region between the tubular member 1310 and the new section 1230 of the weflbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offbyizitroduciiig a phi^» dart 
and/or ball sealing ft1*m»wit a into the fluid passage 1320. 

The fluid passage 1336 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1315 in flukiic 
comm u ni c a t i on with the fluid passage 1330. The fluid passage 1S36 is preferably 
positioned substantially along the ognterline of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materialis such eg cement, drilling 
10 mud or epazies at flow rates and preawres ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 pal in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1280 of the wellbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1355 of the tubular mento 1310 to be fluididty sealed. The 
seals 1340 may comprise any number of conventional «ramemaliy available m nig 
20 such as, for example, lead; rubber, Teflon, « 

with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Btratakek epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optiinalJyprovio^ahydraulk seal int^ 
annuhis of the overlapping^ 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
asuflkient frictional force to support the eipanded tubular member 1310 from the 
existing casing 1215. In a p re fe rred <^^"ft t the friftkmnl force provided bj 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support manner 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises on annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centraltters (not ilhistmted) to help stabilize the tubular member 13 10. 
5 In a pi^erred embodiment, the su^ 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduce 

This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1306 within the interior 
region 1370 of the tubular member 1310. The wiper phig 1350 includes a fluid 
passage 1375 that is counted to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs or 
three-wiper latch-down phig modified in accordance with the t enchftigs of the 
present disclosure. In a preferred embodiment, the wiper phig 1360 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1306. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

An fltuntnitod in Fig 11 c, a hnrffrnnbV flnii"» ^fa r ^ fl l ism is then 
pumped from a surface location into the fluid passage 1320 . The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member U 10 airi 

1200. Continued pumping of the material 1380 causes the material 1380 to fin op 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
preggurea and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallona/min, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 pai and 0 to 1-500 gallons/min, respectively, in order to optimally 

10 fill the anmilarregion between the tulmlar member 1310 and the new sectkm 
of the wellbore 1200 with the hardanahle fluidlc sealing material 1380» 

The hardenable Suidic sealing material U80 may comprise any number of 
conventional commercially available hardenablefiuidic sealing materiala such as, 
for example, slag mix, cement or epoxy. In a prefer r ed embodiment, the 

15 hardenahle fluidic sealing material 1380 comprises blended cements designed 
specifically fbr the we& section 
Services in order to optimally provide support for the 

displacement of the material 1 380 in the annular region 1390. Hie optimum blend 
of the cement ia preferably determiwd using <*irwmijmiiH amptri^ methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial expanaiog of the tubular member 
1310, the annular region 1390 of the resection 1230 of the wellbore 1200 will be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, w other similaT dei^ is introd^ 
into the fluid passage 1320. The wiper dart 1395 is prefi^fr pumped thnnigh the 
fluid passage 1320 try a nonhardenabk fluidicmaterial 1S81. The wiper dart 1395 
than preferably engages the wiper plug 1360. 

As illustrated in fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phigl350 causes tte wiper phig 1350 to decouple 
from the mandrel 1305. Thewiperdart 1395 and wiper phig 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and Guididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390, In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 «nffi™mt iy pressurised, tubular memhgr 1310 is extruded off of the 

expandable mandrel 1305. During the extrusion process, the PTpnrtriahle mandrel 
1305 la raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from ptnggmgaflnid passage such as, 
for example, Multiple Stage Cementer latch-down progs, Omega latch-down phifcs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a prefeired embodiment, the w^^ 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 usiiigtiis wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates rangin g, for example, from 
approximately 0 to 6000 psi and 0 to 1,500 galtona/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from appi t j m i rnatri y 600 to 9,000 psi and 
40 to 3,000 galk>ns/min in order to optimally provide operating pressures to 
30 maintain the expansion process at rates sufficient to permit adjustments to be 
made in operating parame ters during the extrusion process. 
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For typical tabular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 win begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9 r 000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a Amotion of the tubular member diamet er, wall 
thickness of the tubular member, geometry ofthe mandrel, the 
the composition of the shoe and tabular member, and the yield strength of the 
tubular member. Hie optimum flow rate and operating pressures are preferably 
determined using conventional «mp*r ic ft l methods. 
10 During the extxtiskmprocf^ 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 6 fl/sec In a pr e ferr ed embodiment, during the extr usion 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/eec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

Whan the upper end portion 1355 of the tubular member 1310 is extruded 
off of the exp a nd able mandrel 1805, the outer surface of the upper end portion 
20 1355 ofthe tubulw member ISlOwffl 

knw end portion ofthe caa^ Tha 
contact pressure of the overlapping joint may range, for example, from 
app roxim a tely 50 to 20,000 psL In a preferred embodiment, the contact pressure 
ofthe overlapping joint ranges from ap 
25 optimally provide contact pressors Buffkaent to ensure annular sealing and provide 
enough r esistance to withstand typical tanaOe and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fhiidic and gaaoous seal in the overlapping joint 

In a preferred embodiment, the operating pgeasure and fkrw rate of the non 
30 har rifmaMftfhiirticm a t a ri ri^ 

mandrel 1305 reaches the upper endpentiro 1355 of thetubulw 
In this manner, the audden release of pressure ca^ 
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of the fribnfar member 1310 oflfof the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a sub s ta n ti ally 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, or m combination, a shock absorber is provided m the support 
member 1345 in order to absorb the shock caused by the sodden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1856 of the tubular member 13 10 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. In a p re fe rre d embodime n t , either before or after 
the removal of the expandable mandrel 1305, the integrity of the fhiidk seal of the 
15 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 12 15 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 ij thenrramriTd fn it nm~™t^pi ™»Tm«r ifce material 1380 within th e an nular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annul a r 
layer 1405 of cured material 305. The bottom portion of Che apparatus 1300 
comprising the shoe 1315may then be removedbyd^illmg out the shoe 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described that includes mstaHinga tubular liner and a mandrel 
in the borehole. A body of lluidic material is then mjected into the borehole. The 
tubular liner is then radially pyp >n ^ ftH ty extruding the liner off of the mandrel 



The injecting preferably inrhiH™ tn^tin^ a hardeaable fluidic ~>*r™z material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenable fluidic material into an interior region of the 
tubular liner below the mandreL The method preferably includes fluidity 
5 isolating the annular regkm from the interior region before injecting the second 
quantity of the ncm hardenable sealing material into the interior region. The 
injecting the hardenahlc fluidic sealing material is preferably provided at 
operating pressures and flow rates ranging from aboutOto 6000 psiandOto 1,500 
galbnaAain. The injecting of the non hardenable fluidic material is preferably 

10 provided at operaimg pressures and fkwr^ 

and 40 to 3,000 g»IVWmfa miitfeco^cf thenonha^ 
is preferably provided at reduced opeiating pressures and flow rates d^irm^ 
portion of the extruding. The non liardenahle fluidic material is preferably 
injected halow the mandreL The method pi^ferabfymrfud^ 

15 ofthe tubular Knerbelow the mandreL The region of the tabular liner below the 
mandrel is preferably pressurixed to 
Tbemethodpreferablyh^ 

liner from an exterior region ofthe tubular liner. The method further preferably 
inchidea curing the h^ 
20 ofthe cured seating material located within the tubiilar hncr. The method further 
preferably mcludesc 

The method farther preferably includes sealing the overlap between the fc«Ki»w 
Imerandtheemtingwellbore The method farther preferably includes 

supporting the extruded tubular liner using the overlap with the existing wellbore 
25 casing. The method ftvther 

Uie overlap between the tubular liner and the existing wellbore casing. The 
method further prafer^^ 

fluidksealingina The inethod farther 

preferably includes lxibrieating the surface of the mandreL The method further 
30 preferably includes absorbing shock. The method farther preferably includes 
catching the mandrel upon the wrniplptinii nfth* extruding 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a secoiid fluid passage. 
5 The tubular manto is coupled to the man^ 

liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably inchidffl one or more sealing members 
ad ap ted to prevent fi wrfe 11 mat erial from entering an interior region of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group coraaKting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches respectively- The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psL The tubular 
member preferably includes one or more sealing m emb ers at an end portion The 
tabular member preferably includes one or more pressure relief botes at an end 
20 portion, The tubular member preferably includes a catching member at an end 
portkm for slowing dovm them The shoe preferably includes an inlet port 

coupled to the third fluid passage, the inlet port adapted to receive a prog for 
blocking the inlet port. The shoe preferably is drillable. 

A metho d of joining ft second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that melndes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping r e la t i o ns hip , pressurizing a 
portion of the ulterior region of the second tubular member, and extruding the 
30 second tubular member off of the niandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferahry provided at 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap betroen the first and second tubular members. The method 
6 tether preferably includes supporting the extruded fat tubular member using 
the overlap with the second tubular member. The method further preferably 
inc lud es lubricating the surface of the mandrel The method norther preferably 
includes absorbing shock. 

A liner far uae in creating a new section of wefiborc casing inasubterraoean 
10 formation adjacent to an already existing lection of wellbore casing has been 
described th at in c lud es an annular member. Tb* ammlarmcmh«r fry-^^ ^ or 
more sealing members at an end portion of the annular member v and one or more 
pressure relief passages at an end portion of tibe annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fluidic SMlingmfrtpriaL The tabular Imer is formed b^ 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a b 

region external of the tubular liner. During the H re, the interior portion 

of the tubular liner is preferably fhiididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an existing weffi>ore cajdng. The wellbore casing preferabhy farther 
includes a seal petitioned in the overlap 

wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
SO borehole has been described that Wli>,w tiffing ■ tubular liner nnd a ninndrd 
within the wellbore caaingr n^ectmga body of a flnirit* material into the borehole, 
pressurising a portion of an interior region of the tubular liner, and radially 
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expanding the fa th« borehole bv extruding the liner off of the mandrel. In 
R pr^fe^ omWmAnt *h» fluttir material is selected from the group consisting 
of dag mix, cement, drilling mud, and epoxy . In a preferred embodiment, the 
method further includes fhiidicly isolating an interior region of the tabular liner 

5 from an exterior region of the tabular liner. In a preferred embodiment, the 
iqjortmg of the tyyfr'*™^"'* ^tAt ifti i s provided st operating preasareg and flow 
ratee ranging from about 500 to 9,000 psi and 40 to 3,000 gallonVmrn, In a 
preferred embodiment, the mjecting of the body of fluidic material is provided at 
reduced operatingpreasures and flow rates during an end portion of the extruding. 

10 In a preferred embodtaexu% the In 
a preferred embodiment, a regkm of the tabular liner below the mandrel is 
pressurised. In a preferred embodiment, to 

mandrel is pressurized to pressures ranging from about 500 to 9,000 paL In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 mththemustmgwallbcra In a preferred embodiment, the method 

includes sealing the interface between the tubular liner m 
casing. In a prefemd embodiment, the method further inctadra supporting the 
extruded tubular liner using the existing wellbore easing. In a preferred 
exnbodhuent,thameth^ 

20 interface between the tubular liner and the existing wellbore ca sing - In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes abaorbing 
shock. In a preferred embodiment, the method further includes catching the 
ma ndr el upon the completion of the extruding. In a preferred embodiment, the 

25 method further mchidfr* expanding the mandrel in a radial direction, 

A tie-back finer for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is forn^ 

off of a mandrel The annular body of a cured fluidic sealing matoial is coupled 
30 to the tubular liner. In a preferred enibodhuent^ 

process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the i 

from an exterior portion of the tubular liner. In a preferred embodimen t, the 
interior portion of the tubular liner is pressurized at preaanrgfl ranging fm m about 
500 to 9,000 psl Inaprefemdeinbodiinen 
5 sealing materialis formed by the proceaa of injecting a bod^ 

sealing material into an arum tor region between the bating wellbore casing and 
the tubular Boer* In a preferred embodiment, the tubular liner overlaps with 
anot her printing wellbore casing. In a preferred wmhorihnent, the tie-back liner 
fUrther includes a seal positioned in the o^Bri^ between thatuimlar lino* and the 
10 other existing weDbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other esistingwdBm easing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fhiid passage operably coupled 
to the first fluidpassage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operabjy coupled to the second fluid passage, an intexior portion, and 
20 exterior portion. The interior portion of the shoe is (billable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearingmember comprises a drillable body 
Preferably, the exterior portion of the mandrel *^mprijen an expansion cone. 
Preferabfrthe expansion com 

consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surik* hardness ranging firad Preferably at least a 

portion of the apparatus is drillahle. 

Although illustrate 
described, a wide range of modification, changes and substitution la contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended daina be constr^ 
in a manner consistent with the scope of the invention. 



Claims 



1 1. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 iiyecticgftaidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner; and 

6 radially e xpandin g at least a portion of the Kner in the borehole by 

7 extruding at least a portion of the liner off of the mandr el 

1 5L A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

4 drilling out a new section of the b^ 

6 casing; 

€ pinnin g a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing ; 

9 injecting a hardenable ftuidic sealing material into an annular region 
10 between the tubular Hner and the new section of the borehole; 

U flnidkryianlatingthe annular regkmbetnroen the tubular liner and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenahle ftuidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel; 

17 sealing the overlap between the tabular liner and the already existing 

18 ruling- 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between the tubular liner and 



23 the already existing casing; 

24 removing at least a portion of the hardenabte flnidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the flnidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cur^ 

29 within the tubular liner. 

1 3. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member indudmg a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel i n clud i n g: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the hibul^ 

7 wherein the first, second and third fhlid passages are operably coupled. 

1 4, An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member including: 
S a first fluid passage; 

4 a second fluid passage ; and 

5 a flow control valve coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel including a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing dements; 

11 a shoe coupled to the tubular member, the shoe i n cluding : 

12 a fourth fluid passage coupled to the third fhiid passage, the 

13 fhiid passage adapted to receive a 

14 one or more exhaust passages coupled to tto 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the supp or t member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joining a eecoiid tubular member to a fhrattu 

2 first tabular member having an inner diameter greater than an outer d i ame ter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurirmgaportkmaf 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular wwnhw t «w a nn ular ryymfr** mowing * 

3 one or more sealing members at an end portion of the annular 

4 member, and 

6 one or more pressure relief paasagea at an end portion of Uieaiinular 

6 member. 

17. A wellbore casing, co mp rising: 

2 a tubular liner, the tubular imp? formed by the process of: 

3 extruding the tubular Kner off of a mandrel; and 

4 an annular body of a cured fluidk sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for fining an existing wellbore raqfrng^ comprising: 

2 a tubular liner, the tubular liner formed by the p roces s ofc 

3 extruding at least a portion of the tubular Bner off of a mandrel; and 

4 an annular body of a cured fluidk sealing material coupled to the tabular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first Quid passage; 

3 a mandrel coupled to the support member, the mandrel including : 

4 a second fluid passage operably coupled to the first fluid passage; 

5 fin interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 
B an expandable tubular member coupled to the mandrel; and 

9 a sho e coupled to the tubular member, the shoe including: 
10 a third fluid passage operably coupled to the second fluid passage; 

U an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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